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lleat exchanRers af« currently -Iddly u«d for cooling the oil* <- 
ployd in tcnnection «lth the opemlon of motor vehicles. Su* as tr«i«M5*lOA 
fluid used in automatic transmissions and torque convorters. engine oil, po«er 
iteerine fluid, hydraulic fluids. ».d the like, such oil* hot* inaft« being 
flsferrtd to sillily as «.tor vehicle oil>. Such heat cxd.ai.gers generally 
cdbody one or moir tubular heat exchange units ead> having a peripheral array 
rf heat transfer fins defining generally peTiphemlly located fluid £1* 
A^oiels. with a hoil«. core reT-aining that is no«ally closed off against 
fluid no*. Sudi a conventional ti*ular heat e3.char.ge Miit is illustrated 
in united States Patent Ko. 3.315,464. issued April 25. 1967 to Perez M. 
Harden for 'He,t-Exd.ange System", as best illustrated in Figure 3 theT*o£- 
The hollo- cox« of such conventioaal ti*ular heat exdiange units is nonwlly 
Closed off against fluid flo« so that all of the fluid will pass through the 
generally peripheially located channels for more efficient heat exAange to 

the tubular outer shell. 

However, in very told weather conditions motor vehicle oils beco-e 
very viscous, and it is desirable to allow them to heat up as quiddy as poss- 
ihle. It ha* accordingly been conventional pxactice to bypass the heat ex- 
diange apparatus during a cold start interval until the oil gets hot, and 
then to route the oil through the heat exchange apparatus. Sudi eonventiflmal 
practice involves an additional valve »id lines separate from the heat exchange 
apparatus, and has the major disadvantage of leaving the heat exchange 
;«psratus and the oil that is contained thei*ia at the cold starting te^xa- 
tuK!. Thus, when the transmission op engine oil U hot and the bypass line is 
clMed to divert the oil through the heat exchange apparatus, the heat exchange 
apparatus cools the oil- Also, it takes tia* for the heat exchange apparatus 
to becone efftectivc. since the apparatus and its contents must become heated. 

Another problem in eonnection with sudi conventional heat exd»ange 
units is that the periphexasl fluid flow passages have only limited flow capa- 
city, and if larger fluid flow rates axe available they cannot be utilized 
in the conventional structure which has a closed cmtial core. 

Another problem in connection with sud> tsnventional hea; exdiange 
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apparatus is thot .onorally there i. no pressuro drop con- 
trol mean, f oming a part of the heat: «cchanga apparatus, 
«hiXe nevertheless it is often deairaole to control the 
pressure drop acros, the heat exchange apparatus, and xt 
i. also desirable to be able to aclapt: ^at is substan- 
tially the same heat exchange apparatus for different 
specific pressure drops to accor»nodate different vehicle 
operating conditions, different vehicle engine or trans- 
Hussion =yste.s, or even different industry requirements 

of lieat exchangers. 

A further problem in the art is tl.at fluid flowr 
valveo per se tend to be undesirably complicated and ex- 
pensive, conventionally consisting of a nunO^r of sep- 
arately fabricated parts that must be a. emblel. su.^ as 
valve bodies, seats, . springs, spring ret^ners, separate 
,igid movable valve elements, and t2.e liXe. Despite 
.uch variety of part^ which must be assembled, most fluid 
flow valves only allow flow in one direction. . It would 
accordingly be desirable tc provide a simplified low co^ 
fluid flow valve consisting essentially of only a single 

4-=.>.i^ 4n a fluid flow channel for con- 
element that countable xn a tiuia 

trolling the flow o£ £luid through the channel in ^th« 
direction* 

in view of these and other problems in tHe art, the 
present invention provides a heat exchange unit which 
comprises an elongated central tubular core, a plurality 
. of elongated generally longitudinally arranged, circum- 
ferentially spaced heat transfer fins extending generally 
radially outwardly-, from said core, both sides of each of 
>0 said fin= being eoncavely curved in the general radial 
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^ direction throughout substantially their entire radial 
width with their outer edges being thicker than inner 
portions thereof and an elongated, tubular shell peri- 
phorally engaged about and in heat conducting abutting 
relationship with the outer edges of said fins, said 
core, fins and shell defining a plurality of fluid flow 
diannels between adjacent pairs of the fins, said central 
tubular core defining bypass flow conduit roeans extending 
generally longitudinally therethrough, with the ends of 
10 . said channel means being in fluid craimunication with the 
respective ends of said conduit means, and bypass valve 
means in said conduit means, said channel means being 
adapted to conduct heat transfer fluid in normal heat 
exchange flow through said unit, and said vaXve means 
having at least one operative condition wherein it is 
adapted to bypass a portion of said fluid from said 
channel means through said conduit means. 

The heat exchange valve preferably is normally closed, 
and is arranged to commence opening when a predetermined 
20 fluid pressure differential is applied to the heat ex- 
change unit^ the valve progressively opening further in 
response to increases in the pressure differential to 
allow an increased proportion of the fluid flow to pass 
through the hollow core. 

In the preferred arrangement, the heat: exchange val/e 
system of the character described directs normal flow 
volumes through the peripherally located flow channela 
for maximum heat exchange ef ficii^ncy, but opens up to 
allow excess fluid volumes to flow through the normally 
30 Closed central core of the heat exchafcige unit to provide 
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«dditi6nal hoat exchange capacity not av:»ilablo through 
^he re«trictod p<.riphcr»l £low channels, tl^ercby in- 
creasing the over.!! heat exchange capacity of tlve sys- 
««. xn this conaection, the valv= is adaptable to n«»xn- 
taiB a generally constant, optimum fluid flow through 
,,>.e peri^eral flow channels even if the fluid procure 
to the heat exchanger fall, to a low value, «hile never- 
theless obtaLning additional heat exchange benefit that 
is rormally lost from above normal fl'Aid flows. 

in a further preferred arrangement, the valve em- 
ployed has a positive snap action so as to remain clo.ed 
ap to a certain predetermined minimum pressure differential, 

, ^ „r to allow substantial fluid flow at such 

and then pops open to aiiow su»9>^» 

« J4 ^t^oi-omt-ial and th«» continues to 
predetermined pressure dxff erentiaJ- an 

further open aa the pressure differential increases. 

^he heat exchange valve system of *e character des- 
cribed may be arranged »uch that the valve means directly 
e„0:odied in the heat exchange apparatus opens in response 
to increased fluid viscosity resulting from lo- tempera- 
t«o:es to divert a portion of the fluid to a channel of re- 
duced heat exhange ectiveness to allow heating of the 
fluid, -aie valve means returning flow back to the fluid 
flow Channels of high heat exchange capacity, for i^roved 
fluid cooling when the fluid becomes hot. in a thermo- 
Static type of action. 

A still further fearure of a preferred embodiment is 
a novel fluid flow control valve comprising a one-piece 
spring diaphragm valve element adapted to be disposed 
across a fluid flow channel and capable of controlling the 
JO flow of fluid in either direction e^rongh the channel, in 
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Ita proferrod form, thla spring diaphragm valvo olemont 
ia nor»ally closed and will open in oithor direction a 
varying amount according to the fluid pressure different 
tial applied across the valve ela«e„t, in one form of 
the valve element "cricket- depressions provide a snap 
valve action wherein the waive re«ains closed up to 
the application of a prF.determined pressure differential, 
and then •'snaps" partly 
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open tg >dnVt a subatmiilal flow of fluid themhiough, the valvfl openlnfi 
proftTPSslvely further In iti5i>onso to profirosslvo increwc* In fluid pressure 
differential acros* the -/alve elcmcnt- 

The present he-t cxdionce valve system preserver the advantages of 
the nomally closed iraier tube of tiibular heat exdiantc units that are conven- 
i:ionally employed in notor vehicle transmission and engine oil cooleis. -bile 
nevertheless prnviding siAstantially increased cooling capacity by cpeaiat the 
inner tube to additional fluid flow whidv could not otheiwisc be utilized for 
heat exchange purposes, ftr proper selection of the valve enbodied in the inner 
tube according to the present invention^a fi^nerally preselected prcssiue drop 
can be piovided in the heat exchanger which is best adapted for a particulax 
heat exchange purpose. 

Tlift present invention has particular iwportance in peiwitting the 
complete eUmination of external valves and bypass lines heretofore required 
for divertinj txar.s miss ion and engine oils from heat exchangers during cold 
stare conditions. Diversion of cold, highly viscous motor vehicle oil froe 
the normal heat exchange: channels through the inner tubes is autovatic because 
the resistance of the normal chanjiels to flow of the highly visaais flmd in- 
creases the pressure dif fertrntial so as to open the valve neans in the inner 
tube. This causes reduced cooling efficiency so as to allow the oil to heat 
yp, and the warming oil passing through the centers of the heat e:Kdianeer 
tubes causes the heat exchanger to Mami \jp as the oil warns up, so that it will 
not cool the oil Aco the fluid is again diverted primarily thxoygh the 
normal heat exchange diannels. 

As the oil heats from a cold start condition ^ the viscosity will 
become lower and Iokct. and hence the pixrssure differential will graAxally 
decrease aczoss the heat exchanger, to allow the valve means in the inner tiAies 
to. automatically close and divert the fluid througb the normal heat exchange 
diannois which is where the fluid will be flowing when the oil is hot. 

The bean exchange valve system of the present invention can be adjus- 
ted to operate thertwystatically during noxnal vehicle operating conditic^is by 
providing a heat exchanger of sufficient capacity to handle all of the oil flow 
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In the peripheral heat exchange chonneU when tho oil teBperitme is at or 
nbovo the optimun operating tenperaCure thereof. The v&lve neons o£ the pre- 
sent invention is selected to cosHooncft opening when the oil t^dpersturA drop^ 
below such optimum tempo r»ture« thereb/ bypassing ioac of the oil flow through 
the less effective inner tube portions of the heat exchanger, thereby reducing 
the effective capacity of the he^t exchanger so that the tenperatiire of the 
Oil will again tend to rise. This thernostatic action will automatically 
' take cvrt of the lov tevperature starting problem, and at very low teiyerstutes 

10 the valve means will bypass most of the fluid. 

Even in a heat exchange system of the type having an extemal bypass 
line and associated valve means for dxvertiiig fluid from a heat exdionger in 
response to excessive px«ssuxe, as for exanple during cold start conditions » 
the novel one-piece spring diaphragm valve element of the preseit inveaticm 
is particularly advantageous for, cOqtTOliing the bypass flow becaise it is 
loore simple J reliable and econonical than conventional valves used for such 
purpose, and it can be easily installed in the bypass line .by a siiple cring- 
ing operation thereby avoiding the need for special fittings. 

Other objects, aspects and advantages of the present invention will 
20 be i^parent from the following description taken in connection with the accom- 

panying drawings, wherein: 

Figure 1 is an elevational view Illustrating heat exchange appaiatiis 
of one type which is particularly suitable for use with ihe present invention* 
Figure 2 is an en2sx:gedp fragmentary isometric view illustrating one 
of the tubular heat exchange laits in the apparatus of Figure 1 eidiodying 
valve means according to the present invention j Figuxe 2 having a portion <»£ 
the outer shell broken away, and being partly in axial sec£ion and partly in 
radial section. 

Figure 3 is a further enlarged, fragmentary isoaetxic view, partly 
in axial section, illustrating the installation of valve means according to 
30 the invention. 

Figure 4 is a view similar to Figure 3. but illifftr»ting the valve 
means in its fully installed position. 
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FlguTV S is o view slnilar to Figures S 0A<1 4» i 1 lustrfttlnfi ^ho 
valx'e Beans in a partially oponed condition of operation. 

Figure 6 is an isometric view lllustratlns a modified form of the 
valve neans. 

Figure 7 is a frag^aentaty axial section, partly in elevation, illus- 
tracing alternative valve means which nay be eioployed in the heat exchange 
apparatus. 

Figure 8 diagrammatical ly illustrates a bypass line associated ^ith 
heat exchange ^paxatus. Figure 8 having portions in elevation and portions 
10 in axial section showing a crimped mounting of the valve element of the inven- 

tion in the bypass line- 

Figure 1 illustrates heat exchange apparatus 10 of a general type 
^at is currently widely e;aployed in best exchange systems for cooling the 
motor vehidfr oils. Such heat exchange systems enployin" heat exchange appara- 
tus of the general type shown in Figure 1 are described in united States 
Pattnt !io- 3,3lS,46d^ issued April 25, 1967 to Perez M. Hayden, for "Heat- 
£xchange System" . 

The heat exchange apparatus 10 represents one form of ^paratus in 
vhich both the valve system and the presently preferred valve element of the 
20 pxesent invention may be edbodied, althou^ it is to be understood that the 

valve system of the invention may be eispioyed in other types of heat e^cch^g^ 
apparatus, particularly wherein it is desirable to bypass some of the fluid 
from pximaiy heat transfer elements according to temperature variations in the 
fluid as represented by corresponding viscosity variations; and it is to be 
understood that the preferred valve element of the present invention way be 
eiq)]oyed for fluid flow csntxol in fluid systems other rhan heat exchange 
svstems. 

Nevertheless, the present heat exchange valve system and preferred 
valve element find pat^ioalar utility in heat exchange vparatus that is em- 
30 played fbr CDoling of motor vehicle oils, because of the widely varying am- 

bient tenpersture conditions to whidi vehicles are ordinarily svbjected, as 
well as because of the wide variations in transoissioa and engine operating 
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fluid teaperawres which result from imrk load varlatlcms. 

Th« he.t exchange upparaiu* W of FIrutc I include a plurality cf 
tubular heat exchanse units 12. any one or «ott of -hich »>/ contain valve 
■can, according to the present invention. Four of these tubular heat exchaage 
units 12 »re slio^n In the apparatus 10 of Figure 1. these being arranged to a 
generally parallel, regularly spaced planar array. The tubular h.»: exeh«.fe 
units 12 are engaged through Spaced -pertures in a series of parallel fins J* 
that arc disposed generally noreal to the axes of the trf,ular heat exchange 
^its 12. The fins 14 provide support for the array of tubular heat exchange 
iO units 12. and th^ are in heat exchange relationship with the Outer surfaces 

of the tubular units 12 so as to add considerable additional he«t exchange 
^rta to the apparatus. The opposite ends of heat exch».ge units 12 axe con- 
nected for fluid flo- to resp.'ctive hewers 16 and IS. the headers having res- 
pective fluid 15.ne connector fittings 20 and 22 thereon. The heat exchange 
apparatus 10 accordingly c*odic= a parallel f I"- arrangement Of the plurality 
tubular hear exch^gc units 12. It U to be undersrood. ho-ever. that the 
present heat exchange valv« system is equally adaptable for a series flO« 
,irange-ent of a plurality of tubular heat oxch»T»Re units, sudi as the series 
arrangeneut shown and described in the applicant's concor«otly filed PateM 
-0 Application for "Heat Exchange Apparatus and Method of Making Sa»e". Seiirt 

No. 174,280. 

Referring now particularly to Figure 2 o£ the drtmings, each of the 
tabular heat exchange units 12 includes an elongated flow control cote 2A con- 
sisting of a t,*ular core body 26 having thereon a plurality of regularly 
spaced, generally radially outwardly extending core fins or splines 28. The 
flow control core 24 is of a form shown and described in detail in the appU- 
cant's said concurrently filed application for -Heat Exchange Appar-tus and 
Method of Making SaM". Including outwardly flaring core fins having conc^e 
sides, and the fin* heing longitudinally segi-ented by a spiral groove 30. The 
JO flow control core 24 is fitted within an elongated tubular «.ter shell 32, the 

core 24 preferably being expanded outwardly Into a prestressed relationihip 
ulth the tubular outer shell 32. The core 24 is preferably an ettneion. and 
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24 and outer shell 32 or* both preferably composed of a ,ood be.t eonduc- 
ting Bstal, such as ajumlnwi. copper, or the lUe. 

Fi8Mr*» 2 through 5 illustrate the oper.ti»e disposition of a sprl«» 
,^.phrag» valve eie««t 34 according to the invention in association with one 
of the tubuiar h=-t exchange units 12 s« as to control the fie- of liquid 
Athroush t:,e tubular core body «* according to fluid viscosity, which in turn 
is dependent upon fluid temperature. 

The spring diaphragm valve element 34 consists of a disc 36 of sheet 
spring material having a generally annular p^ipbery 38 «xd a pair of diametri- 
cal slits 40 and 42 therethrougH at right angl^^ to esA other- Thus, the 
Slits 40 and 42 define a right angle "X" that is centered pro:ds«te the center 
of the disc 36. the slits 40 snd 42 teiainate short of the periphery 38 of 
disc 36 so as to leave a peripheral body of disc 38 structurally intact. The 
dia-etrlcal slits 40 and 42 define four q«adr-«t-sh,ped valve flaps or loaves 
44 of substantially equal size and conrxguration. Small drilled holes 45 are 
provided at the ends of slits 40 and 42 to prevent tearing of the sheet spring 
.paterial -s the flaps or leaves 44 flex during operation of valve ele-«.nt 34. 

While the spring diaphragm valve element 34 as sho-n in the dta>.iT.gs 
tl«» has four spiing flaps 44 defined by a pair of right-angle related dia- - 
metrical slits 40 and 42, it is to be understood that any nuAer of generally 
wedge-shaped flaps »ay be provided by a corresponding n,s.ber of generally 
radially oriented slits in the disc 36. Ihus. if dcsized,th,ee wedge-shaped 
flaps ««r be provided between three radial grooves, four flaps may be provided 
becween four radial grooves, whid. «ay be di-netrical as illustrated in Figures 
2 to 5. five flaps may be provided between five radial gioows. six flaps 
between six radial grooves, etc. all within the scOPe of the invention. It is 
also to be understood that the wedges need aot all be of the sa.e angular 
aize; and that flaps of otJ.-, shapes -ay be provided by other configurations 

of intersecting slixs. 

The thickness of the Sheet spring «iterlalofdisc36. -swell as the j 

type of spring material thereof. -iU be determined by the di«-ter of the ; 
di5c. the temperature rang, in -hid. the heat exchange appwat* «" b* 

I 
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and the fluid pressures and viscosities contemplated* By 
way of exan^le only, and not of limitation, in automative 
heat exhange Cipparatus with tubular heat exchange imits 
12 of such dimension as to utilize discs 36 that are 5/16 
inch in diameter, suitable sheet spring material employed 
in testing wa$ spring steel shim stock of approximately 
.002 inch thickness. 

l€ the tubular core body 26 is uninterrupted by any 
passages through the wall thereof, then normally a single 
10 one of the spring diaphragm valve elements 34- %iill be 

sufficient to control the flow of fluid through the tubu- 
lar core body 26- An internal annular groove 46 is pro- 
vided in the core body 26 adjacent to one end thereof to 
receive the periphery of disc 3& therein and thereby re- 
tain the valve element 34 operatively positioned across 
the flow passage in the tubular core body 26. Wie peri- 
phery of the disc 36 may be provided with a plurality of 
externally opening notches 48 that are preferably circum- 
ferentially offset from the slits 40 and 42, to facili- 
20 tate insertion of the valve element 34 through the bore of 
core body 26 and into engagement with the internal annular 
groove 46^ Insertion is accomplished by simply pushing 
the valve element 34 into the core body 26 by a suitable 
arbor or rod, the valve element 34 bowing and slightly 
radially contracting generally as illustrated in Figure 3, 
and then snapping into operative position in the arnular 
groove 46 as illustrated in Figure 4. 

When the valve element 34 is thus operatively posi- 
tioned within the core body 26 » it will open in response 
30 to fluid pressure in either direction, whereby the direc- 
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tion of Eluid flow generally need not be specified for { 
heat exchange apparatus such as the apparatus 10 cm- • 
bodying the present invention. Figure 5 illustrates the 
valve element 34 partially opened in response to fluid 
pressure from the left, thereby penritting fluid flow 
therethrough from left to right accx>rding to the viscos- 
ity of fluid and the pressure drop across the valve ele- 
ment 34. Alternatively, the valve element 34 nay be 
temperature responsive and arranged to open in response 
10 to reduced fluid temperature . 

While a single one of the valve elesaents 34 will 
normally suffice for each of the tubular h'!iat exchange 
units 12, it is to be understood that if additional con- : 
trol is desired, a plurality of the valve elements 34 may 
be disposed in the tubular core body 26 of one of the heat 
.exchange units 12 , for 
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cxa«pJe, one of the v»lv« element 34 being located adjscr^t to each «d of 
the CQrt body 26. Such plurality of valve elements 34 in a cor* 24 is desir- 
able If the core body 26 has one or more radial openings therethrough to pro- 
vide coBummicttitn bet*e« the interior of die core body =6 and the e^erior 
thereof in the floa channels between the fins 28. 

Khile normally there will be »t least o«e of the v»lve elements 34 
disposed in the core body of each of the tob-olar heat exchange vnlts 12 of a 
heat exJiwigc apparatus such as the ^)pawtns 10 so as to control the fluid 
flow through the core bodies of all of the he*: eichaiige units 12:. if 

.scsir.d tHe valve oleBcnts 34 nay be disposed Irt uiiy a portion of the tubular 
.isat exchange units for a particular heat exchange apparaitas su* as the s^- 
pirrtus 10 in Fieure l- For «ra»i?)le. if desired, valve elenents 3* nay be 
disposed in the core body 26 of say only one. two, or three out of four boat 
cxdiuise units 12 fomdng a part of the apparatus 10 in Figure 1. The ends of 
the tuLular heat exchange units axe generally open as ill» ated in Figure 
2 to com!: nicatlon with the respective headers "16 and 18. The nomal flew 
through tJ.ose tubular heat ex«ihange units 12 having valve eleaents U cherela 
will be througi the £\tM diannels defined between the fins 28 outside of the 
core body 26, with flo- through the core bodies 26 normally being eoapletely 
blocked by the valve elements 34, which aie nomiUy in tSieir closed positnas 
as shojm in Figure 2 and 4. However, when the pressure differential between 
the headers 16 and 18 becomes greater thm a predetezTiiiaed ainimuoi pressure 
differential, usually as a result of increased fluid viscosity because of lo» 
tenyeratuie. the valve elements 34 will Stan to open as indicated in Figure 
5, and they will open greater amounts fcr greater pressuie diops, thereby in- 
creasing the flow through the core body 26 as required ta give relief for ia- 
ereased viscosities or volumes. In those heat exchange units 12 whidi do not 
have a -/alve elewnt 34, the flow will be partially throogh the channel* be- 
twaar. fin» 28 and partially -irough the center of core body 26. 

For some uses of the spring diaphragio valve element J4 it is desir- 
!tf>le to have a definite predtr^.Tnined fressure drop across the valve eienent 
required to initiate fluid flow through the valve eleme«t. and then for the 
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initial fluid flw to be substantial. Figure G ilJustmea a Bodifiod form 
34a of the spring dlapKragn vulvo Dienent irhercin oach or tha iprln^ fUpt 4i 
thereof ho* a gonerally rodially oriiMtted, elongated "cricket" typ© depr^s^lon 
SO theTi:in. Hiese depmslonl 50 resist slight Initial opening wvettents of 
the flops 44 to d11o>« pressuro buildup to the predotermined BiniBm, and then 
snap open at the predeteTvinad pressure to an Initial fluid flow capacity, 
further opening of the flaps 44 being in gradual respmse to increases In the 
fluid pressure. 

Another alternative featu^l^ which may be etm^l(^&d in the spring 
10 diaphragm type valve elewnt of the present invention which is shov^ for con- 

venience in Figure 6» but nay be eiqiloyed in the valve elesents with or without 
the ••cricKcr' depressions, is the provision of flap to Qt slits Si provided 
proximate the ends of the slits 4C and AZ and generally transverse to the slits 
40 and 42 so as to decrease the effective widths of the root portions of the 
flaps to allow easier bending of the flaps under fluid pressiiies. Each of 
these flap zoot slits 51 preferably extends an equal distance on opposite sides 
of its respective slit 40 or 42, teminating in sinal^ drilled holes .45b to 
prevent tearing, and the slits 41 may either be arcuate as illustrated in 
Figure 6, with an arc generally concentric tc the periphery of the disc, or 

20 nay be straight or otherwise configured. 

Figure 7 illustrates an alternative flow control valve generally 
designated 52 which taay be employed to control fluid flow throiq^h one of the 
tubular core bodies 26 in response to press'ine diffeitntlml. The valve 52 in- 
cludes a tubular valve body 54 in the form of a sleeve ad^ted to be ^jcedly 
positioned within a t^ular core body 26. The sleeve 54 has a Mitral inward- 
ly directed annular flangp defining a valve seat 56 within whicb a valve ele- 
neat 58 is normally disposed as shown so as to sdbstantkally coqiletely blodk 
the flw of fluid through the core body 26- The valve eleaent 58 is shown as 
a ball, but oay be a flanged pin or other generally rifid element which will 

30 hoznally s id)s tan ti ally close the valve when positioned proaiHte the valve 

scar, but open the valve to allow flin.d flow when axially shifted either »iay 
from the valve seat. 

- 11 - 
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Th« vilve cleoene S« I* n.t.»iKd tn it* i.or«l conltwo position in 
vaivc »«.t S6 by a |.»lr of cent-ring .prin«i 62 which -it ena.BOd beiwwn tl^ 
valve Cle^rttt S8 «»<J irspectlvc .prln£ ret-lncr collar* 60 disposed proxl«t« 
tho «spoctivo ends of the vaiv* body sUe« 54. Hie W«unt of pr.l«u«i dif- 
fenrntial ies«ii«* to shift th» V»1«b eler^nc SB out of r^slstir with vulve 
5c-t S6 to all*, fluid no- m clthar direction will be detorained by the 
forces e:«ned by the centerins spring* 62 «ni by the a^i^ length of tho v.lvo 
scot 56 and cross-secilonal area thereof. 

Flgwie 8 illustrates he.t exchange apparatus jeneraUy de*ign>ted 
10 64 protected against excessive fluid pressures by means of a bypass line 66 

having i sprlig aisphraga element 34 of the present invention .ounted directly 
therein. The bypius line 66 is connected wtoss the fluid inlet «ul outlet 
conduits 6i and 70 In parallel ^ith the heat exchange apparatus 6A. tfid the 
v,l*e ele««nt 34 is adapted to open and thereby divert * portion of t»e fluid 
flow from the. heat exchange ^aratus 6* in response to a rise in the pressure 
differential betweei. inlet and outlet conduits 66 and 70 above . predetertdned 
valuer Figure 8 illustrates the aainner in whld. the disc shaped valve element 
34 ny be positively moisited in its operative position -ithin a tube swdi as 
the bypass line 66 by *«ns of a ciiiT 72 in the tube. T*e valve elepcnt 3* 
20 is sii^ly positioned within the_tii»e with the plane of the valve element 

generally »or-al to the axis of the tube, and then the tJie is crl-fed i«wa«lly 
against the valve element disc. The crimp 72 Is prefe.rf.ly annular, but pay 
consist of a plurality of circ-sferenUilly Spaced cri-ff sections if desired. 
The crisp 72 preferably radially in«arfly overlaps the edge of the valve 
element 34 as shown in Figure 8 so as to positively Secuxe the •rolve element 
against substantial pressure applied in either direction. 

ifliile the instant invention has been shown and described herein in 
what are conceived to be the m^st practical and preferred e*pdime«ts. it. is 
recognized that departures may be i.ade Uierefr^ -ithin the sope of the 
30 inve&tion. 
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niE LMBODtKEHTS OF HIE INVEKTION IN NIIICll AN nXCLUSIVE 
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLDNS: 



1. HeAt exchnnBe unit which cosiprises an ^lon^ated ccntrmi tubular core, 

a plurality of elongated generally longitudinally arranged^ circumferential l]r 
spaced heat transfer fins extending senerally radially outwardly fron said 
core, both sides of each :>€ said fins being concaveiy curved in the general 
radial direction throughout substantially their entire rsdial width with their 
outer edges heing thicker than inner portions thereof and an elongated, tubular 
shell perif^erally engaged about and in heat conducting shutting relationship 
with the outer edges of said fins, said core, fins and shell denning a plura- 
lity of fluid flow channels between adjacent pairs of the fins, said central 
tubular core defining bypass flow conduit means extending generally longitudi* 
nally therethrough, with the ends of said channel scans being iti fluid coBsnini- 
cation with the respective ends of said conduit means, and bypass valve means 
in said conduit means > said diannel means being adapted to conduct heat trans- 
fer fluid in normal heat CT^change flow through said unit, and said valve 
means having at least one operative condition wherein it is adapted to bypass 
a portion of said fluid from said channel means thxoagh s^d conduit means. 



2. Heat exchange apparatus as defined in claim 1> wherein said bypass 
valve means has a norwLly substantially closed operative condition wherein 
St^Stantially all of said fluid flowing throu^ the unit flows in normal heat 
exchange flow through said channel means. 

3. Heat exchange apparatus as defined in claim 2. whereik said bypass 
valve means is asibi-diTecticmal , being adapted to open either way fron its 
said closed oporative- condition to allow said fluid to flow in either direc- 
tion through said bypass conduit means, whereby said hear ekdiange unit is 
adapted to be connected in a heat exchange system without regaxd to the direc- 
tion of fluid flow therethrough. 

4. Heat exchange apparatus as defined in claim 1,, wfaexeia said bypass 
valve means is pressure x:espoasive» * • 
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, in clMm 1, wherein said b/P"' 

5 Heot exchange apparatus »s Jef n«eil « 

vlxv. «ean, i. n«.aUy .«.s«nti.Xlr closed ^ is prossurc responsive to 
progressively o^n l» response to p«.xessivc p^su« increases. 

^.eat exchan.. -PP-^- as defined clai- L -K«ein said bypass 
valve ^ans is «or«iiy s^stantially closed and Has a snap-action pressure 
responsive opening cHar^teristic -herein said va.ve ^ans is adapted to snap 
op^ to alio, s^stantial nuid f.o« -Ken the pressure on th. valve ^ 
rises *ove substantially a predetero-ined value. 

Heat e.cwe apparatus as defined in dai. 1. -herein s^d valve!! 
^ans co^rise. a spring sheet diaphrag. having sUt -eans ther^n defi^^g 
^ilie^tly deflectable pressure responsive flap «eans in the dia^xag... ^ 
■ Heat exchange appa^tus as deRned ii dai- 7. .herein said dial' 
is shunted in s^d bypass f lo« cond^ P-iP^exal engageo-nt 
thereof in 
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intornal groove nteans in «aid hollow core. 

9 Heat oxchangc apparatus a« defined in claim 1, 
Which comprise, a plurality of .aid tubular heat exchange 
^its operatively interconnected, .aid plurality of units 
being arranged to have comn«n fluid iT^et means and co,«- 
mon fluid outlet means- 
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